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® Register mark detection. 



© Apparatus for detecting register marks includes 
one or more linear arrays of sensore (19, 20) ar- 
ranged transverse to the direction of relative move- 
ment of a web (3) and the apparatus. Where there is 
more than one linear array (19, 29), they are ar- 
ranged so that they are substantially non-parallel to 
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allow both longitudiual and transverse monitoring of 
register marks on the web (3). A signal is generated 
on detection of a mark and processing means deter- 
mine the sensor (19) or group of sensors which 
detected a mark and whether the marks are in 
register with those of other webs (3). 
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The invention relates to apparatus for detecting 
register marks. 

In the field of colour printing, a colour picture is 
printed on a web in a series of separate printing 
operations in each of which a respective colour 
separation is printed on the web. Typically, these 
colour separations are printed in cyan, magenta, 
yellow (and optionally black) inks. It is important 
that the separate colour separations are printed in 
register so that there is no misalignment between 
the different separations. Misalignment can occur 
for a variety of reasons due mainly to the fact that 
the web has to travel from one print station to 
another between printing operations with the atten- 
dant risk of stretching or contraction occuring dur- 
ing the passage or indeed slippage and the like. To 
deal with this, it has been the practice for many 
years to monitor the registration of printed colour 
separations and, if necessary, adjust the printing 
process and in particular the manner in which the 
web is fed in order to compensate for any mis- 
register. 

To achieve register control, it has been the 
practice to print simultaneously with each colour 
separation one or more register marks alongside 
the separation and then to detect the relative posi- 
tions of register marks corresponding to different 
colour separations. Ideally, the register marks from 
different^ colour separations will remain in a fixed 
relationship to each other (typically in alignment) 
but if there is any misregister then this ideal situ- 
ation will change and can be detected and com- 
pensated for. 

There are two major types of mis-register. 
Firstly, longitudinal mis-register in which the posi- 
tion of one separation relative to another in the 
direction of movement of the web is offset from its 
ideal position and secondly sidelay in which the 
lateral postion of one separation is offset from 
another. One method of detecting both types of 
mis-registration has been to use specially shaped 
register marks which taper in a direction transverse 
to the direction of web movement By detecting the 
arrival and departure of a register mark, its length 
in the direction of movement of the web can be 
determined and due to the taper this provides an 
indication of the lateral position of the mark while, 
providing one edge of the mark is orthogonal to the 
direction of movement, this can be used for moni- 
toring longitudinal registration. 

One of the problems with these tapered marks 
is their large size and indeed until recently ail 
register marks had a relatively large size and used 
a large quantity of ink. It is desirable to be able to 
reduce the size of marks quite considerably and 
attempts have been made to do this in the field of 
offset colour printing. In the field of offset printing, 
it has been proposed to lay down dot shaped 



register marks with small dimensions (for example 
1-2 mm diameter). In the offset printing process, in 
which the print stations are close together, the 
relative positions of all register marks are com- 

5 pared at the end of a print run using a photo- 
graphic technique or the like. In the field of gravure 
printing, however, it has not so far been possible to 
make use of small dot shaped register marks. This 
is because in the gravure process there needs to 

70 be a web path of reasonable length between suc- 
cessive print stations in order to allow the inks to 
dry and this contributes significantly towards any 
mis-register. Consequently, register marks need to 
be detected downstream of individual print stations. 

75 This is particularly difficult in the case of small dot 
shaped register marks since with conventional de- 
tection heads which typically include a photodetec- 
tor and a light source, it is quite possible for the 
head to be misaligned to such an extent that it fails 

20 to detect the dot register mark at all. To deal with 
this, it has been the practice to provide a manually 
movable or motorised head which is moved by an 
operator into approximate alignment with the regis- 
ter mark path prior to printing. 

25 In accordance with one aspect of the present 
invention, register mark detection apparatus for de- 
tecting register marks on a web during relative 
movement between the web and the apparatus 
comprises detection means including a first linear 

30 array of sensors extending transverse to the direc- 
tion of relative movement, each sensor generating 
a signal when a mark is detected; and processing 
means for monitoring the signals from the sensors 
so as to determine which sensor or group of sen- 

35 sors has sensed the passage of a mark. 

We have devised a new type of register mark 
detection apparatus in which the detection means 
includes a linear array of sensors. This has the 
significant advantage that when attempting to lo- 

40 cate register marks during the initial setting-up 
procedure, the detection means itself does not 
have to be moved but can remain fixed providing it 
extends across fully the area which may contain 
the register marks. This enables the setting-up 

45 procedure to be fully automated and avoids the 
need for any motorised or manual movement of the 
detection means. 

In one example, the processing means in- 
cludes an analogue switch and selection means for 

so selecting groups of the sensors in a preselected 
manner, the output signals from each group of 
sensors being fed to and combined by the ana- 
logue switch which generates a composite output 
signal indicative of whether or not a mark has been 

55 detected. By monitoring the outputs from groups of 
sensors, the speed with which register marks are 
detected is increased. 

The above example is particularly suited for 
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use with sensors having a small, circular field of 
view. In other examples, the sensors are elongate 
with the elongate dimension also extending trans- 
verse to the direction of relative movement 

In one form of the apparatus, the register mark 
detection apparatus may be provided in addition to 
a conventional registration system which is aligned 
in response to the detection of register marks by 
the register mark detection apparatus. Preferably, 
however, the detection means of the register mark 
detection apparatus is also used to achieve register 
monitoring and possibly register control. 

In the event that the detection means is used 
for additional purposes, where the initial detection 
of register marks has been achieved by making 
use of the sensor group technique, the processing 
means is preferably adapted, subsequent to the 
detection of register marks, to determine which 
group of sensors is centred over the register mark 
path, signals from that group of sensors being used 
subsequently for register monitoring. 

For example, the processing means can be 
adapted to monitor longitudinal registration be- 
tween register marks corresponding to different 
colour separations. This might be achieved, for 
example, by monitoring the times of arrival of each 
register mark at the array. 

This feature of the invention can be used in 
addition in register mark monitoring apparatus in 
accordance with a second aspect of the present 
invention for monitoring the longitudinal registration 
of marks on a web during relative movement be- 
tween the web and the apparatus, the apparatus 
comprising detection means including a first linear 
array of sensors extending transverse to the direc- 
tion of relative movement each sensor generating 
a signal when a mark is detected; and processing 
means for monitoring the signals from the sensors 
so as to monitor the relative positions of the marks 
on the web and to determine whether or not the 
marks are* in register. 

By using a transverse array of sensors, longitu- 
dinal registration can be monitored independently 
of any lateral offset 

Preferably, however, the detection means fur- 
ther comprises a second linear array of sensors 
extending transverse to the direction of relative 
movement and substantially non-parallel with the 
first array, each sensor of the first array generating 
a signal when a mark is detected, the signal being 
fed to the processing means. 

The provision of two such non-parallel arrays, 
both transverse to the direction of relative move- 
ment enables not only longitudinal registration of 
the marks to be monitored but also sidelay or 
lateral registration. For example, the distance tra- 
versed by a mark between the two arrays is di- 
rectly indicative of its lateral position since the 



arrays are non-parallel. This fact can be used by 
the processing means to monitor sidelay where, for 
example, in an ideal situation the distance tra- 
versed is the same for marks corresponding to 

5 different colour separations. 

Preferably, the two linear arrays are symmetri- 
cally angled about a line orthogonal to the direction 
of relative movement between the web and the 
apparatus but this is not essential. 

io The invention is primarily of use in gravure 

printing where, as explained above, the detection of 
marks is necessary between successive print sta- 
tions but it is also applicable in other forms of 
printing such as offset and indeed could be used 

75 for detecting or monitoring register marks at the 
end of a print operation rather than during a print 
operation. 

Two examples of register mark monitoring ap- 
paratus according to the invention will now be 

20 described with reference to the accompanying 
drawings, in which:- 

Rgure 1 illustrates part of a gravure printing 
system incorporating an example of the apparatus 
according to the invention; 

25 .Figures 2A and 2B illustrate a web after 

printing at the yellow and red print stations respec- 
tively; 

Figure 3 is a block diagram of the detector 
and part of the processor of Figure 1 in more 
30 detail; 

Figure 4A illustrates schematically three reg- 
ister marks in register following the red print station 
as they approach the detector; 

Figure 4B illustrates output signals from the 
35 upstream linear array upon arrival of the register 
mark shown in Figure 4A; 

Figure 4C illustrates output signals from the 
downstream linear array upon the arrival of the 
register mark shown in Figure 4A; 
40 Rgures 5A-5C are similar to Figures 4A-4C 

but where there is a longitudinal mis-register be- 
tween the red and yellow register marks; 

Figures 6A-6C are similar to Rgures 4A-4C 
but where there is a sidelay mis-register between 
45 the red and yellow register marks; 

Rgures 7A-7C are similar to Rgures 4A-4C 
but where there is both longitudinal and sidelay 
mis-register; and, 

Rgure 8 illustrates schematically another ex- 
50 ample of the detector head. 

The gravure printing system which is partly 
shown in Rgure 1 has a conventional form and 
comprises a yellow separation print station 1 
(shown schematically) and a downstream red (or 
55 cyan) print station 2 (also shown schematically). A 
web 3 is fed initially to the yellow print station 1, 
then around fixed rollers 4, 5 and a movable roller 
6 to the red print station 2 and from there to 
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subsequent blue and black print stations (not 
shown). The roller 6 is movable under the control 
of a servo-motor 7 so as to adjust the length of the 
web path between the print stations 1, 2 in order to 
compensate for any mis-register, the motor 7 being 
controlled by a processor 8. The processor 8 re- 
sponds to register mark detection signals from a 
detector head 9 which will be described in more 
detail below. The region of the web 3 beneath the 
detector head 9 is illuminated from a remote light 
source (not shown), light being guided to the web 
by an optical fibre 10. 

At the yellow print station a yellow separation 
11 is printed in a conventional manner onto the 
web 3 and alongside the separation 1 1 are printed 
four dots 12-15 which constitute yellow separation 
register marks. The dots 12-15 are separated by 
equal amounts (Figure 2A). At the red print station 
1 a red separation 17 is printed over the yellow 
separation 11 and at the same time a single red 
register mark 18 is printed between th marks 12, 
13 (Figure 2B). If register is correct the mark 18 
should be positioned exactly between and in align- 
ment with the marks 12, 13. The marks typically 
have a rectangular form with dimensions 1mm x 
2mm, the longer dimension being orthogonal to the 
direction of web movement The web 3 then 
passes beneath the detector head 9 which has two 
linear arrays of photosensors 19, 20 angled to each 
other and at about 45* to a line orthogonal to the 
direction of moment of the web 3. 

Initially, the processor needs to determine the 
general location of the register marks which are 
being printed and thus in an initial operation the 
processor 8 makes use of a pattern searcher circuit 

21 shown in Figure 3. The pattern searcher 21 
forms part of front end circuitry connected to one 
of the linear arrays 19 which, in this example, 
comprises ten photocells. Similar front end circuitry 
is connected to the other array 20. The common- 
line of the photosensor array 19 is connected di- 
rectly to an operational amplifier 22 while the other 
connection to each photosensor can be selectively 
connected to an analogue switch 23. The analogue 
switch 23 has four connections which can be con- 
trolled by a switch control circuit 24 to be con- 
nected to any sequence of four adjacent 
photocells. Each photocell 19 generates an output 
current related to the sensed light intensity (and 
which will vary significantly when a mark passes 
underneath that photocell) while the analogue 
switch 23 combines the output currents from the 
selected four sensors and feeds the combined cur- 
rent to the other input of the operational amplifier 

22 which effectively converts the current signal to a 
voltage signal which is fed to the pattern searcher 
21. 

Initially, each pattern searcher 21 (under the 



control of the processor 8) causes the respective 
switch control 24 to connect the corresponding 
analogue switch 23 with the first four photocells in 
the arrays 19, 20. Each searcher 21 then looks for 

5 the passage of four yellow register marks 12-15 at 
20mm spacing. This is achieved by monitoring 
output signals from the first photocells selected 
only in short windows overlapping the expected 
position of each yellow mark. In this way, extrane- 

10 ous marks are ignored. If no marks are detected, 
the pattern searcher 21 causes the switch control 
24 to connect the next four photocells to the ana- 
logue switch 23. In other words, if photocells num- 
bered 1-4 are initially selected, the next set of four 

T5 photocells will be those numbered 2-5 and so on. 
At some point the pattern searcher 21 will detect a 
signal from the amplifier 22 indicating that marks 
are being sensed by the currently active group of 
four photocells and if these have the required spac- 

20 ing. this indicates that these marks are indeed the 
register marks 12-15. Each pattern searcher 21 
then selects that group of four photocells which are 
centred over the yellow register marks. This is 
achieved by monitoring the distance between the 

25 signals from the two linear arrays due to a yellow 
mark and selecting the two groups of sensors 
which have a mean separation equal to the dis- 
tance between the signals. 

At this point the system is ready to monitor 

30 registration between the yellow and red colour sep- 
arations. 

Ip Figure 4, the situation is illustrated in which 
there is exact registration between the two separa- 
tions. In this case, three register marks are shown, 

35 two yellow marks Yi and Y2 corresponding to 
marks 13 and 12 respectively in Figures 2A and 2B 
and a single red register mark labelled R cor- 
responding to the mark 18 in Figure 2B. As can be 
seen, the red mark R is positioned equidistant 

40 between the yellow marks Yi Y2 and is in align- 
ment with those marks. The marks are upstream of 
the two linear arrays 1 9, 20. 

Figure 4B illustrates the form of the output 
signals from the linear array 19 as the three regis- 

45 ter marks pass underneath. The signals are shown 
at their times of occurrence relative to the distance 
travelled by the web which can be obtained by 
monitoring web movement directly or indirectly via 
a cylinder carrying the web. As the first mark Yi 

50 passes under the array 19, it will cause the output 
signal from the selected group of four sensors in 
the array to change, thus indicating a mark, and 
this change is communicated to the processor 8 in 
the form of a pulse as shown in Figure 4B. In this, 

55 ideal example, the spacing between the marks is 
substantially the same as the spacing between the 
groups of sensors of the two arrays 19, 20 under 
which the marks pass. Consequently, the signals 
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generated by the array 20 are substantially co- 
incident with the signals from the array 19. Thus, 
when the mark Yi passes under the array 20, the 
array 19 generates a pulse corresponding to the 
mark R. Since there is no difference between the 
signal R from the array 19 and the signal Yi from 
the array 20 this indicates that the marks are in 
register. 

Figure 5A illustrates the same group of three 
marks in which the red mark R is longitudinally 
offset from its correct position. In this case, as 
shown in Figure 5B, there will be a greater distance 
recorded by the array 1 9 between the mark Yi and 
the mark R and a lesser distance between the 
mark R and the mark Y2 over the ideal situation 
shown in Figure 4. A similar delay will be detected 
by the array 20 (Figure 5C). Thus, it can be seen 
by comparing Figures 5B and 5C that the signals R 
(Figure 5B) and Y1 (Figure 5C) do not coincide with 
the signal Yi of Figure 5C leading the signal R of 
Figure 5B. Similarly, the signals Y 2 (Figure 5B) and 
R (Figure 5C) are offset but in the opposite sense 
(ie. the signal from array 19 precedes the signal 
from the array 20). 

These offsets can be used to determine the 
degree of longitudinal mis-register by using the 
formula: 

OFFSET = J [(R(19)-Yi(20)) + (R(20)-Y2(19)] 
(D 

where the quantities in formula represent web trav- 
el distances corresponding to each of the marks 
specified. 

Figure 6A illustrates a situation in which there 
is sidelay or lateral offset between the two sets of 
marks although there is no longitudinal mis-regis- 
ter. It can be seen clearly from Figure 6A that the 
lateral position of each set of marks can be deter- 
mined very easily from the distance travelled by 
each mark between the two arrays 19, 20. This 
distance can then be related directly to the degree 
of sidelay. 

Figure 6B illustrates the pulse signals gen- 
erated by the array 19 and it will be seen that since 
the red mark R is laterally offset from the yellow 
mark Yi, it will be sensed by the array 19 earlier 
than would otherwise be the case. In contrast the 
red mark R will be sensed later than normal by the 
array 20. The degree of sidelay can then be cal- 
culated using the following equation: 
SIDELAY ERROR = [(Yi(20)-Yi(19))-(R(20)-R(19)- 
)]K (2) 

where the quantities shown in the formula con- 
stitute web travel distances arid K is a constant. 

Typically, the distances will be represented by 
counts generated by a clock timed to the web 
movement, for example generating one pulse for 
every 0.01 mm of movement. 

In the above example, for simplicity, the cor- 



rect distance between yellow and red marks was 
chosen to be equal to the mean distance between 
the two groups of elements. This is not essential 
and Figure 7 illustrates a more general situation 

5 from which it can be shown that the longitudinal 
mis-register a/2-b can be derived independently of 
the sidelay offset s. For the purposes of the follow- 
ing analysis, Rgure 7 illustrates various distances 
a-g and the angle between the two arrays 19, 20 is 

70 indicated as Z. Typically this angle wil be 90* . The 
distance "c" between the arrays is the distance 
travelled by each yellow mark between the arrays. 

From Rgure 7 it is apparent that 
f = c (3) 

75 e = c + 2sTan(Z/2) (4) 

From equations 3 and 4, the sidelay distance s 
is s = (e - f)/2Tan(Z/2) (5) 

In addition, from Figure 7 It can be seen that 
d = b + sTan(Z/2) (6) 

20 g = a - b + sTan (Z/2) (7) 

From equations 6 and 7 it can be shown that 
the longitudinal error defined as: 
(a-2b)/2 (8) 
is given by the equation: 

25 (a-2b)/2 = (g - d)/2 (9) 

Figure 8 illustrates a modified example in 
which the two arrays of sensors 19, 20 are formed 
by elongate sensing elements having an elongate 
dimension equivalent to that of a group of four 

30 photosensors of the type previously described. The 
elongate sensors in each array are arranged par- 
allel with each other but each sensor of one array 
is at substantially 45* to the direction of web 
movement and is arranged symmetrically with the 

35 corresponding sensor in the other array. The op- 
eration of the system using these arrays is similar 
to that previously described but this example has 
the advantage that the selection of groups of ele- 
ments is considerably simplified since in this case 

40 each element will be individually selected. Further- 
more, the waveforms of the signals generated dur- 
ing the passage of register marks will be substan- 
tially the same for each sensor unlike in the pre- 
vious example. 

Claims 

1. Register mark detection apparatus for de- 
50 tecting register marks on a web (3) during relative 
movement between the web (3) and the apparatus, 
the apparatus comprising detection means (9) in- 
cluding a first linear array of sensors (19) extending 
transverse to the direction of relative movement, 
55 each sensor generating a signal when a mark is 
detected; and processing means for monitoring the 
signals from the sensors so as to determine which 
sensor or group of sensors has sensed the pas- 
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sage of a mark. 

2. Register mark monitoring apparatus in for 
monitoring the longitudinal registration of marks on 
a web during relative movement between the web 

o> and the apparatus, the apparatus comprising detec- 5 

tion means including a first linear array of sensors 

(19) extending transverse to the direction of relative 
movement, each sensor generating a signal when a 
mark is detected; and processing means for moni- 
toring the signals from the sensors so as to monitor to 
the relative positions of the marks on the web (3) 

and to determine whether or not the marks are in 
register. 

3. Apparatus according to claim 1 or claim 2, 
further comprising a second linear array of sensors 75 

(20) extending transverse to the direction of relative 
movement and substantially non-parallel with the 
first array, each sensor of the first array generating 
a signal when a mark is detected, the signal being 

fed to the processing means. 20 

4. Apparatus according to claim 3 wherein the 
two linear arrays (19, 20) are symmetrically angled 
about a line orthogonal to the- direction of relative 
movement between the web (3) and the apparatus. 

5. Apparatus according to any of claims 1 to 4, 25 
wherein the sensors are elongate with the elongate 
dimension also extending transverse to the direc- 
tion of relative movement 

6. Apparatus according to any preceding claim, 
wherein the processing means includes an ana- 30 
logue switch (23) and selection means for selecting 
groups of the sensors in a preselected manner, the 
output signals from each group of sensors (19) 
being fed to and combined by the analogue switch 

(23) which generates a composite output signal 35 
indicative of whether or not a mark has been de- 
tected. 

7. Apparatus according to claim 6, wherein the 
. processing means is adapted, subsequent to the 

detection of register marks, to determine which 40 
group of sensors is centred over the register mark 
path. 

8. Apparatus according to any preceding claim, 
wherein the sensors having a small, circular field of 
view. . 45 

9. Apparatus according to any preceding claim, 
wherein the register mark detection apparatus is 
provided in addition to a conventional registration 
system which is aligned in response to the detec- 
tion of register marks by the register mark detec- 50 
tion apparatus. 

10. Apparatus according to any preceding 
claim, wherein the detection means of the register 
mark detection apparatus is provided with register 
monitoring and control means. 55 
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Fig. 4 
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Fig. 6. 
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